The molecular structures, vibrational frequencies, and relative energies of silaacetylene and its vinylidene and silylidene isomers have been investigated via nonempirical molecular electronic theoretical methods. Basis sets of double zeta (DZ) and double zeta (DZ) and double zeta plus d function quality have been usea for this purpose in conjunction with self-consistent-field (SCF) and configuration interaction (CI} wave functions. The largest CI included in a completely variational manner 8,001 configurations, and analytic CI gradient methods were used to determine the structure and harmonic vibrational frequencies of silaacetylene itself. The absolute minimum on the potential energy hypersurface is the silylidene, :Si=CH 2 , which lies ~ 50 kcal below the linear silaacetylene. The vinylidene isomer H 2 Si=C: is either an extremely shallow minimum or, more likely, not a genuine relative minimum at all. Silaacetylene is predicted to have a trans bent equilibrium geometry, with HSiC angle 128.8°, HCSi angle 150.1°, and a silicon-carbon bond distance 0 0 of 1.635 A, about 0.08 A shorter than a "standard" Si=C double bond distance. The silicon.,..carbon stretching vibrational frequency is -1
Introduction
Now that a variety of synthetic techniques are available 1 • 2 for the laboratory preparation of molecules with carbon-silicon double bonds, it is inevitable that organic chemists will begin to devise schemes for the synthesis of carbon-silicon triple bonds.
Theory should be able to provide guidance in this regard and several studies 3 -6 of the unsubstituted silaacetylene have already appeared.
All of these theoretical studies affirm the prediction, first made 3 by Murrell, Kroto, and Guest, that the silylidene isomer :Si= C (1) " H represents the absolute minimum on the SiCH 2 potential energy hypersurface. The issue of whether the silaacetylene isomer is a true minimum has not yet been given a completely definitive answer. Hopkinson and Lien 4 were the first to appreciate that, within the self-consistenti-field (SCF) approximation H-. Si==c-H (2) rearranges to the silylidene (1) without a barrier. However, 5 the work of Gordon and Pople at a higher level of theory suggests that electron correlation may bring into existence a small barrier for the rearrangement (2)+(1).
The experimental technique which seems at present most likely to provide the initial observation of silaacetylene or the silylidene ,.
-3-7 isomer (1) is matrix isolation infrared spectroscopy.
For this reason, the present theoretical study is aimed primarily at the determination of the vibrational frequencies of (1), (2) , and the vinylidene isomer H ' Si=C: (3) / H In addition an attempt has been made to locate and characterize stationary points connecting species (1), (2) , and (3) .
Theoretical Approach
In this work, stationary points have been for the most part located and characterized (in terms of their harmonic vibrational frequencies) at the self-consistent-field (SCF) level of theory. This has been accomplished using two basis sets, 8 
Equilibrium Structures and Energeti~s
The predicted structures of (1), (2), and (J) are given in (2) Si=C bond distance is "normal" or very slightly short, while the linear silaacetylene bond distance at 0 1.563 A is much too short to be classified as a double bond.
In light of Gordon and Pople 1 s novel prediction that electron correlation introduces an energy barrier (apparently nonexistent at the SCF level) between (2) and (1), it was decided to further pursue this issue at the DZ+d CI level of theory. These results will be described in the final section of this report. An analogous stationary point for SiCH 2 was found and is illustrated in Figure 5 . However, Tables I and II show this structure to be quite high.,..lying energetically (104 kcal above silylidene) and furthermore to have two imaginary vibrational frequencies associated with it. Thus it may be reasonably concluded that the SiCH 2 system is quite different from Si 2 H 2 in this regard.
Silylidene Vibrational Frequencies
In conclusion, it must be admitted that we have not found a transition state leading from the vinylidene structure (3) However, such a transition state must lie less than 4.9 kcal above (3) at the DZ+c CI level of theory.
. 10 27 Furthermore, two high-level stud1es '
--9of the singlet parent vinylidene rearrangement (6) indicate that a significant lowering of its barrier occurs beyond the DZ+d CISD level of theory. This line of reasoning suggests (but obviously does not prove) that the silicon-substituted vinylidene structure (3) is not a minimum on the SiCH 2 potential energy hypersurface.
Trans Bent Silaacetylene at a Higher Level of Theory
As mentioned earlier, the structure ·of trans bent HSiCH has also been determined at the DZ+d CI level of theory. This was done to further investigate Gordon and Pople 1 s remarkable prediction that electron correlation actually introduces a barrier between silaacetylene and the lower energy silylidene form. More typically, 28 of course, th~ effect of correlation is to reduce (or entirely eliminate 27 ) barriers predicted at the SCF level of theory.
The predicted structure of trans bent silaacetylene at the DZ+d CI level of theory is reported in Figure 6 . For edmpleteness, the constrained linear structure was also determined at the same advanced level of theory and is likewise seen in Figure 6 greater than experiment, The results in Table III of course do not include the effects of anharmonicity, which typically lowers the harmonic frequencies by the order of perhaps 4%, If the above reduction of 7.5% is applied to our DZ+P CI prediction of the silicon-carbon stretching frequency, an empirical result of 1092 cm-l is obtained. By comparison with the experimental values of 1001 and 1003 cm-l for the Si=C·double bond stretching frequency in dimethylsilaethylene 21 , 22 , it is seen that the silaacetylene frequency is somewhat higher. This is consistent with the characterization of the silicon-carbon linkage in trans bent silaacetylene as an exceptionally strong double bond. Should a silaacetylene be prepared in the laboratory (perhaps with two very bulky substituents such as adamantyl replacing the hydrogen atoms in Figure 6 ), one would thus expect to observe a notably higher Si-C stretching frequency than for the analogous silaolefin.
Since the geometry optimization for trans bent silaacetylene was carried out in point group Cs, it was not obvious that a non.,.. planar c 1 geometry lllight not be preferred, However, Table III shows that the planar structure is a genuine relative minimum of the DZ+P CI energy surface, i.e., all harmonic vibrational frequences are 30 ,, .
~1
real. Moreover, the out-of-plane a frequency 1s 665 em which is actually higher than the in..,.plane C-Si-H bend at 420 cm-l The Gradient values in this region of the energy hypersurface were substantial and the total energy above that of the constrained linear structure. Thus it appears that there is no cis bent isomer of silaacetylene.
Concluding Remarks
Vibrational frequencies have been predicted for five different nondissociative stationary points on the SiCH 2 potential energy H hypersurface. Among these the silylidene isomer :Si==C~ is the H l"'west lying energetically and therefore the most likely to be observed experimentally. Silaacetylene itself has a trans bent equilibrium geometry, corresponding to a silicon-carbon bond order of approximately 2 ; . 
